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(57) ABSTRACT

In a tool exchanger apparatus of a machine tool including a
turret which turns around an axis inclining with respect to a
vertical direction and which conveys tools, forces applied to
tool gripping portions are calculated from a resultant force
ol a centrifugal force, gravity and an 1nertial force applied to
cach of the tools, using a weight and a position of each of
the tools and a turning speed and a turming acceleration of
the turret for each of turming phases when the turret turns,
and the turning speed and the turning acceleration of the
turret are determined for each of the turning phases.
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TOOL EXCHANGER APPARATUS OF
MACHINE TOOL

RELATED APPLICATIONS

The present application claims priority to Japanese Appli-
cation Number 2013-186981, filed Sep. 10, 2013, the dis-
closure of which 1s hereby incorporated by reference herein
in 1ts entirety.

BACKGROUND OF THE INVENTION

Field of the Invention
The present invention relates to a tool exchanger appara-

tus of a machine tool for indexing a tool by turning motion
of a turret.

Description of the Related Art
A tool exchanger apparatus for automatically changing

tools mounted on a main shaft of a machine tool 1s conven-
tionally used. A plurality of tools required for an operation
1s set, 1n advance, 1n the tool exchanger apparatus, and the
tool mounted on the main shait of the machine tool 1s
automatically changed to another tool designated 1n accor-
dance with a machining state.

In such a tool exchanger apparatus, the tools are conveyed
by the turning motion of the turret, but when the turning
motion 1s carried out for conveying the tool, 1t 1s necessary
to prevent the tool from falling off.

Hence, the following techniques to prevent a tool from
falling off are known.

Japanese Patent Application Laid-Open No. 8-115113
discloses a techmique 1n which a machine tool includes a
welght data storage, weight data of tools which 1s mput by
a data mputting portion 1s stored in the weight data storage,
and an operation of a turret of the machine tool 1s controlled
based on the weight data.

Japanese Patent Application Laid-Open No. 2005-205503
discloses a technique 1n which, when a turret which conveys
a tool of a machine tool 1s turned, a centrifugal force applied
to the tool 1s estimated, and a maximum turning speed 1s
determined based on the estimated centrifugal force and a
gripping force on the tool 1n a tool gripping portion of the
turret.

According to the techniques disclosed in Japanese Patent
Application Laid-Open No. 8-115113 and Japanese Patent
Application Laid-Open No. 2005-205503, by appropriately
setting the turning speed of the turret at the time of the
indexing operation of a tool based on the weight data of the
tool and the centrifugal force applied to the tool, 1t 1s
possible not only to prevent the tool from falling off, but also
to shorten a tool changing time. According to the techniques
disclosed 1n Japanese Patent Application Laid-Open No.
8-115113 and Japanese Patent Application Laid-Open No.
2005-205503, however, the turning speed 1s constant with
respect to a weight of a tool on the turret. However, when a
turning axis of the turret inclines with respect to a vertical
direction, a direction with respect to the axis of a weight
applied to the tool changes 1n accordance with a turning
phase of the turret. Accordingly, 1f the turret 1s turned at a
constant speed, there may be a margin with respect to a limat
speed of a turning motion depending upon the turning phase,
resulting 1n insuilicient reduction 1n tool changing time.

SUMMARY OF THE INVENTION

Hence, 1t 1s an object of the present invention to provide
a tool exchanger apparatus of a machine tool which 1is
capable of sufliciently shortening a tool changing time.
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The tool exchanger apparatus of a machine tool according,
to the present invention includes a turret which turns around
an axis inclining with respect to a vertical direction and
which conveys tools, and the turret includes a plurality of
radially arranged tool gripping portions.

A first aspect of the tool exchanger apparatus includes: a
force calculating portion which includes tool weight data of
the tools attached to the tool gripping portions of the turret
and tool placement data of the tools 1n the tool gripping
portions, and which calculates forces applied to each of the
tool gripping portions from a resultant force of a centrifugal
force, gravity and an 1nertial force applied to each of the
tools, using a weight and a position of each of the tools and
a turning speed and a turming acceleration of the turret for
cach of turning phases when the turret turns, based on the
tool weight data and the tool placement data; a maximum
force calculating portion which calculates a maximum force
from among forces applied to the tool gripping portions
calculated by the force calculating portion; a turret turning
motion determiming portion which, 1n advance, sets target
values of forces applied to the tool gripping portions, and
which determines the turning speed and the turning accel-
eration of the turret for each of the turning phases, such that
the maximum force calculated by the maximum force cal-
culating portion falls within a predetermined range with
respect to the target value for each of phases when the turret
turns; and a controller which turns the turret 1n accordance
with set values of the turning speed and the turning accel-
cration for each of the turming phases determined by the
turret turning motion determining portion.

According to the tool exchanger apparatus of the first
aspect, a force applied to each of the tool gripping portions
1s calculated, a speed and an acceleration are determined for
cach of the turning phases of the turret, and the turret is
turned. Therefore, 1t 1s possible to set an optimal speed and
an optimal acceleration for each of the turning phases
without being limited by the speed and the acceleration at a
low limit. Hence, 1t 1s possible to further shorten the tool
changing time.

A second aspect of the tool exchanger apparatus includes:
load sensors which detect magnitude of forces applied to the
tool gripping portions when the turret turns; a maximum
force calculating portion which calculates a maximum force
from among forces applied to the tool gripping portions
detected by the load sensors; a turret turning motion deter-
mining portion which, 1 advance, sets target values of
forces applied to the tool gripping portions, and which
determines a turning speed and a turming acceleration of the
turret for each of the turning phases, such that the maximum
force calculated by the maximum force calculating portion
talls within a predetermined range with respect to the target
value for each of phases when the turret turns; and a
controller which turns the turret in accordance with set
values of the turning speed and the turning acceleration for
cach of the turning phases determined by the turret turning
motion determining portion.

According to the tool exchanger apparatus of the second
aspect, each of the tool gripping portions 1s provided with a
load sensor which detects magnitude of a force applied to the
tool gripping portion, a speed and an acceleration are
determined for each of the turning phases of the turret 1n
accordance with a result of detection of the load sensor, and
the turret 1s turned. Therefore, 1t 1s possible to set an optimal
speed and an optimal acceleration for each of the turning
phases without being limited by the speed and acceleration
at a low limit. Hence, 1t 1s possible to further shorten the tool
changing time.
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The present invention has the above-described configu-
ration. Therefore, 1t 1s possible to provide a tool exchanger
apparatus ol a machine tool which 1s capable of sufliciently
shortening the tool changing time.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present
invention will become clear by the following description of
embodiments with reference to the accompanying drawings.

FIG. 1 1s a schematic diagram of a structure of a turret
used 1 a first embodiment of a tool exchanger apparatus
according the present invention;

FIG. 2 1s a diagram showing an example of turming
motion of the turret shown in FIG. 1;

FIG. 3 1s a flowchart for describing a flow of processing
for determining a turning speed and a turning acceleration of
the turret shown 1n FIG. 1;

FIG. 4 1s a graph showing, in comparison with conven-
tional techniques, varnation of a turning speed determined
concerning the turret shown 1 FIG. 1 for each of turning
phases;

FIG. 5 1s a schematic diagram of a structure of a turret
used 1n a second embodiment of the tool exchanger appa-
ratus according the invention; and

FIG. 6 1s a flowchart for describing a flow of processing
for determining a turning speed and a turning acceleration of
the turret shown in FIG. 5.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

First, a first embodiment of a tool exchanger apparatus of
a machine tool according to the present invention will be
described with reference to FIGS. 1 to 4.

FIG. 1 1s a schematic diagram of a structure of a turret
used 1n the tool exchanger apparatus of the first embodiment.

The turret 1 includes a plurality of (12 in FIG. 1) tool
gripping portions 3 which 1s radially arranged around the
turret 1. Tools 2 are gripped, as necessary, by some of the
tool gripping portions 3. The turret 1 1s configured to turn
clockwise.

When a command for exchanging tools 1s 1ssued to a
controller 10 of the machine tool, the turret 1 1s turned
clockwise so that the turret 1 reaches a tool exchanging
position which 1s set at any of turning positions of the turret
1 (heremafter this motion may be referred to as “indexing
operation”, 1n some cases). When the turret 1 1s turned at the
time of this indexing operation, a large force may be applied
to the tool gripping portion 3 and the tool 2 falls off 1f a
turning speed or an acceleration 1s excessively high.

In FIG. 1, a reference numeral 8 denotes a resultant force
in which gravity 3, a centrifugal force 6 and an 1nertial force
7 are vectorially applied to a tool 2. In the first embodiment,
weights of the tools 2 to be mounted on the tool gripping
portions 3 and placement data of the tools 2 in the tool
gripping portions 3 are stored, in advance, 1n a weight data
storage 12 by mput from a data inputting portion 14. The
controller 10 calculates the resultant force 8 of the gravity 5,
the centrifugal force 6 and the inertial force 7 applied to the
tool 2 for each of turning phases of the turret 1, based on
weights of the tools 2 stored in the weight data storage 12,
placement data of the tools 2 1n the tool gripping portions 3,
and the turning phase, the turning speed and the turning
acceleration of the turret 1. Subsequently, the controller 10
calculates a force applied to each of the tool gripping
portions 3.
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4

The force applied to each of the tool gripping portions 3
of each of the tools 2 1s calculated for each of the turning
phases of the turret 1, and a turning speed and a turming
acceleration of the turret 1 are determined such that a force
applied to the tool gripping portion 3 becomes an appropri-
ate value. Turning motion of the turret 1 1s adjusted based on
the turning speed and the turning acceleration determined
for each of the turning phases of the turret 1. Accordingly,
the turming speed and the turning acceleration of the turret 1
are controlled such that a force applied to the tool gripping
portion 3 becomes an appropriate value, and 1t 1s possible to
prevent the tool 2 from falling off, and to turn the turret 1 at
an optimal turning speed and an optimal turning accelera-
tion.

Next, an example of a method of determining an appro-
priate turning speed and turning acceleration for each of
turning phases of the turret 1 will be described.

First, a method of calculating a force applied to the tool
gripping portion 3 from weights of tools 2 stored in the
weilght data storage 12 and placement data of tools 2 in the
tool gripping portions 3 will be described. Here, it 1s
assumed that a turning axis of the turret 1 1s oriented to a
horizontal direction.

It 1s assumed that numbers 1, 2, . . . n are assigned 1n
sequence to the tool gripping portions 3 provided around a
periphery of the turret 1, and tools having weights m,,
m,, . . . m, are mounted on the respective tool gripping
portions 3. It 1s also assumed that a distance between the
center of gravity of the tool 2 and the turning axis of the
turret 1 1s r. If the tool 2 having the weight m, 1s located at
a position which 1s rotated from an uppermost portion of the
turret 1 by 0 and a turning speed and a turning acceleration
of the turret 1 are w and ¢, respectively, then gravity, a
centrifugal force and an inertial force applied to the tool 2
having the weight m, are m,g, m,r’w, and m,ra, respec-
tively. A resultant force applied to the tool 2 can be obtained
as a vector sum of the gravity m,g, the centrifugal force
m,r w and the inertial force m,ro.. Magnitude of the vector
F, obtained as the resultant force 1s defined as a force applied
to the tool gripping portion 3. Concerning the tools 2 having
the weights m,, m,, ..., forces F,, F5, ... F_applied to the
tool gripping portions 3 can also be calculated 1n the same
mannet.

Next, a method of determiming a turning speed and a
turning acceleration 1n the turning motion of the turret 1,
based on the forces F, F,, ... F, applied to the tool gripping
portions 3 calculated in the above manner will be described.

Here, a turning speed and a turning acceleration of each
of turning phases mean a turning speed and a turning
acceleration of respective turning phases in positions having
different turning phases of the turret 1, such as a position A,
a position B, . . . a posttion E 1 FIG. 2. Although five
positions, 1.¢., the position A, the position B, . . . the position
E are indicated as the positions having different turning
phases 1n an example shown in FIG. 2, this 1s just an
example, and 1t 1s possible to freely choose the number of
turning phases and the phase differences at which the turning
speed and the turning acceleration are determined.

FIG. 2 shows positions of the turret 1 having different
turning phases. Since the turret 1 rotates clockwise, the
turret 1 rotates while changing a turming phase 1n the order
of the position A, the position B, . . . the position E. For
example, to obtain a turning speed and a turning acceleration
when a turning phase of the turret 1 1s the position A, a
resultant force 1s calculated from gravity, a centrifugal force
and an inertial force applied to the tool 2 for each of tools
2 mounted on the tool gripping portions 3. Subsequently, a
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force applied to the tool gripping portion 3 1s calculated. The
force 1s calculated for each of the tools 2, and the turning
speed and the turning acceleration when the turning phase of
the turret 1 1s the position A are adjusted such that a
difference between a force applied to the tool gripping
portion 3 which 1s the largest 1n the calculated forces and a
target value F which 1s set with respect to preset strength of
the tool gripping portion 3 becomes not more than a certain
value.

Next, a further specific method of calculating a force
applied to the tool gripping portion 3 will be described.

A permissible error dF between a target value F of a force
applied to the tool gripping portion 3 and a force F applied
to the tool gripping portion 3 aiter the turning speed 1s
adjusted, and a changing step width dw when the turning
speed 1s adjusted are determined in advance. Here, F 1s set
as a value which 1s sufliciently sate with respect to strength
of the tool gripping portion 3, and values of dF and dw are
values determined by taking performance of the controller
10 into consideration.

An 1nitial set value of a speed w 1 FIG. 2 1s determined.
As one example, the mnitial set value can be an appropnate
value, such as a value which 1s the same as a speed pattern
when turning motion of a conventional style 1s carried out.
The speed value determined as the imitial set value 1is
changed based on a calculated value of a force applied to the
tool gripping portion 3, and an optimized speed value 1s used
for actual turning motion.

First, from a speed pattern which 1s set as the nitial
setting, an accelerations o 1n the position A, the position
B, ... the position E are calculated. When an angle between
the positions 1s defined as ¢, for example, a time t for moving,
between the positions 1s defined as ¢/m,. Based on these, the
acceleration o can be obtained in accordance with
L=, —0,)/T.

Next, forces F, to F,, applied to the tool gripping portions
3 are calculated based on a speed m , and an acceleration o,
at the position A, a tool weight, and tool placement in the
tool gripping portion 3. A maximum value of the forces F,

to F,, applied to the tool gripping portions 3 at the position
Aisdenoted by F,_ . Here, when F__ >F the speed w at the
position A 1s changed to a value obtained by subtracting dw
from the speed w. If F___<F on the contrary, the speed m
1s increased by dw. This calculating operation of F___ and

FRAEX

the changing operation of the speed w are also carried out in
sequence for the positions B to E.

As the speed pattern at the time of the turning motion 1s
changed, values of accelerations ., to o are also changed.
I1 the speeds are changed, the values of the accelerations o,
to a.n at the positions A to E are again calculated based on
a relation between the phase and the speed. Based on the
speed o and the acceleration a which are changed 1n this
manner, I, to I, , are again calculated for the positions A to
E, F___1s obtained and compared with F, and speed o 1s
changed.

This operation 1s repeated until a difference between F,
and F becomes equal to or smaller than the permissible error
dF 1n all of the positions A to E. When the diflerence
between F___ and F becomes equal to or smaller than dF in
all of the positions A to E, the speed o and the acceleration
a. 1n each of the positions A to E are defined as values which
are used for actual turning motion 1n the turning phases.

FIG. 3 1s a flowchart showing a flow of calculation
procedure of a turning speed and a turning acceleration for
cach of the turning phases of the turret 1. The procedure will

be described 1n accordance with steps.
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(Step SA1) As positions of the turret for determining the
turning speed and turning acceleration, m positions are
determined and initial set values of turning speeds m,
to m_, 1n respective phases 0, to 0 _ are appropnately
determined.

(Step SA2) Values of turning accelerations ., to ., in the
respective phases 0, to 0 are calculated 1n sequence 1n
accordance with o.=(w, ,-m,)/(d0/m,). However, the
turning acceleration o, 1n the phase Om, 1s calculated
in accordance with a,=(w,-wm, )/(d0/m, ).

(Step SA3) 115 set to 1.

(Step SA4) Forces F,, to F, . applied to each of the tool
gripping portions in the phase 0. are calculated based on
the turning speed w, and the turning acceleration a.,. To
obtain F, ., more specifically, gravity m, g, a centrifugal
force m,r* 6 and an inertial force m,ra are obtained
using a weight m; of a tool which 1s gripped at a first
position of the tool gripping portion, and magnitude of
a vector sum of these values 1s defined as F, .. Forces are
calculated in the same manner also for second,
third, . . . n-th positions of the tool gripping portion.

(Step SAS) Amaximum value of F, to F_ . obtained 1n step
SA4 1s defined as F_ .

(Step SA6) The maximum value F_ . obtained in step
SAS 1s compared with a value of F which 1s set as a
target value of a force applied to the tool gripping
portion, and it 1s determined whether F_ _ . 1s greater
than F or not. It F_ . 1s greater than F (YES), the

procedure proceeds to step SA7. ITF_ . 1s equal to or

FRUGEXT

smaller than F (NO), the procedure proceeds to step
SAS.

(Step SAT) A step value when the turning speed of the
turret 1s changed 1s denoted by dw, and a value of w,
1s reduced by dwm.

(Step SA8) A value of w, 1s increased by dw.

(Step SA9) It 1s determined whether a value of 1 1s equal
to m or not. If 1 1s equal to m (YES), the procedure
proceeds to step SA11; and if not (NO), the procedure
proceeds to step SA10.

(Step SA10) One (1) 1s added to the value of 1, and the
procedure returns to step SA4.

(Step SA11) Using the values of w, to w,_ which have
already been corrected 1n step SA7 or SAS8, values of
the turning accelerations o, to o, i the respective
phases 0, to 0_ are calculated 1n sequence in accor-
dance with o.=(w, _,—-m,)/(d0/m,). However, the turning
acceleration o 1n the phase 0 1s calculated in accor-
dance with a,=(w,-m, )/(d0/w_).

(Step SA12) Forces I, to F,  applied to the tool gripping
portions 1n the phase 0, are calculated based on w, and
c.,, a maximum value thereof 1s extracted, and F to
F__ _ are calculated.

(Step SA13) It 1s determined whether or not differences
between F to F and F are smaller than a value

rraxl FrlcEXF

of dF which 1s set as a permissible error with respect to
F. IT all of the differences are smaller than dF (YES), the
procedure proceeds to step SA14. If any of the difler-
ences 1s equal to or higher than dF (NO), the procedure
returns to step SA3, and F to F___ are again
calculated.

(Step SA14) Values of w, and o, are defined as determined
values of the speed and the acceleration 1n the phase 0,
and this procedure 1s completed.

According to the above-described procedure, it 1s possible
to determine an appropriate turning speed and turning accel-
eration for each of turning phases of the turret 1. When the
turret 1 actually turns, a turning motion of the turret 1 1s

maxl

maxl
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adjusted based on the turming speed and the turning accel-
eration which are determined in this manner.

FI1G. 4 1s a graph showing variation of a turming speed for
cach of turning phases determined in the first embodiment.

In the conventional techniques, a turning speed of a turret
when tools are exchanged i1s fixed to a constant value
(turning speed w,, ) 1n phases A, B, . . . E from which a
phase immediately after a turning motion 1s started and a
phase immediately before the turning motion 1s completed
are removed as shown by dotted lines 1n FI1G. 4. This turning
speed m,, .. corresponds to a limit turning speed in a phase
where F____ becomes a maximum value.

On the other hand, in the first embodiment, for each of
turning phases of the turret, the turning speed of the turret 1s
adjusted such that the maximum value F,__. of a force
applied to the tool gripping portion becomes a value close to
F which 1s set as a target value. As a result, mn this
embodiment, 1t 1s possible to turn the turret at a higher speed
than those of the conventional techniques in the phases B
and E, as shown in the graph in FIG. 4.

In turning phases where a turning speed 1s suilicient in the
conventional techniques, it 1s possible to increase the turning
speed to 1ts limit 1n the first embodiment. Theretfore, it 1s
possible to shorten the tool changing time as a whole.

Forces applied to all of the tool gripping portions 3 which
are gripping the tools are calculated 1n the first embodiment.
However, 1 calculation of the forces takes time, it 1s possible
to calculate forces applied only to some of the tool gripping
portions 3 excluding one or more tool gripping portions 3 to
which an apparently small force 1s applied, and to calculate
a turning speed and a turning acceleration of each of the
turning phases. In this case, 1t 1s necessary to properly select
the tool grnipping portions 3 whose force 1s not to be
calculated, but 1t 1s possible to calculate the turning speed
and the turning acceleration 1n a shorter time.

Next, a second embodiment of the tool exchanger appa-
ratus of the machine tool according to the present invention
will be described with reference to FIGS. 5 and 6.

The second embodiment 1s different from the first
embodiment 1n that load sensors 20 are provided to respec-
tive tool gripping portions 3 so that forces applied to the tool
gripping portions 3 are measured by means of the load
sensors 20, instead of calculating magnitude of a force
applied to each of tool gripping portions 3 based on a weight
and a position of a tool 2 mounted on each of the tool
gripping portions 3 and a turming speed and a turning
acceleration of a turret 1.

FIG. 5 1s a schematic diagram of a structure of the turret
used 1n the tool exchanger apparatus of the second embodi-
ment.

As shown 1n FIG. 5, the load sensor 20 1s mounted on a
bottom surface of each of the tool gripping portions 3, and
a force applied to each of the tool gripping portions 3 is
measured using the load sensor 20 for each of the turning
phases of the turret 1. An installation location of the load
sensor 20 1s not limited to the bottom surface of the tool
gripping portion 3, and the installation location can appro-
priately be determined.

As described above, a force applied to the tool gripping
portion 3 1s measured by the load sensor 20 for each of the
turning phases of the turret 1, and a turning speed and a
turning acceleration of the turret 1 are determined so that the
force applied to the tool gripping portion 3 becomes an
appropriate value. Subsequently, a turning motion of the
turret 1 1s adjusted base on the turning speed and the turning,
acceleration determined for each of the turning phases of the
turret 1. Accordingly, the turning speed and the turming
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acceleration of the turret 1 are controlled such that the force
applied to the tool gripping portion 3 becomes an appropri-
ate value, and 1t 1s possible to prevent a tool 2 from falling
oil while turning the turret 1 at an optimal turning speed and
an optimal turning acceleration.

FIG. 6 1s a flowchart showing a flow of calculation
procedure of a turming speed and a turning acceleration for
cach of the turning phases of the turret 1. The procedure will
be described 1n accordance with steps:

(Step SB1) As positions of the turret for determiming the
turning speed and turning acceleration, m positions are
determined and 1nitial set values of turning speeds m,
to w_, 1n respective phases 0, to 0 _ are appropriately
determined.

(Step SB2) Values of turning accelerations ¢, to . 1n the
respective phases 0, to 0, are calculated in sequence 1n
accordance with o,=(w, ,-m,)/(d0/w,). However, the
turning acceleration ¢, 1n the phase 0_ 1s calculated 1n
accordance with ., =(m,-m_)/(d0/m_ ).

(Step SB3) 1 1s set to 1.

(Step SB4) Forces F,, to F_ . applied to each of the tool
gripping portions in the phase 0. are calculated based on
detection results of the load sensors.

(Step SB5) A maximum value of F,, to F_ . obtained in
step SB4 1s defined as F__ .

(Step SB6) The maximum value F_ . obtained in step
SBS 1s compared with a value of F which 1s set as a
target value of a force applied to the tool gripping
portion, and 1t 1s determined whether F,_ . 1s greater
than F or not. If F, . 1s greater than F (YES), the
procedure proceeds to step SB7. It F_ _ 1s equal to or
smaller than F (NO), the procedure proceeds to step
SBS.

(Step SB7) A step value when the turning speed of the
turret 1s changed 1s denoted as dw, and a value of w, 1s
reduced by dw.

(Step SB8) A value of w, 1s increased by dw.

(Step SB9) It 1s determined whether a value of 1 1s equal
to m or not. If 1 1s equal to m (YES), the procedure
proceeds to step SB11; and 1f not (NO), the procedure
proceeds to step SB10.

(Step SB10) One (1) 1s added to the value of 1, and the

procedure returns to step SB4.

(Step SB11) Using the values of w, to w,, which have
already been corrected 1n step SB7 or SB8, values of
the turning accelerations o, to «,, in the respective
phases 0, to 0_ are calculated 1n sequence in accor-
dance with o.=(w,_,—m,)/(d0/m,). However, the turning
acceleration ., 1n the phase 0 1s calculated in accor-
dance with a,=(m,-m, )/(dB/w_).

(Step SB12) Forces F,, to F_ . applied to the tool gripping
portions in the phase 0, are detected based on detection
results of the load sensors, and a maximum value
thereot 1s defined as F_ .

(Step SB13) It 1s determined whether or not differences
between F to F and F are smaller than a value

maxl FrCEXTR

of dF which 1s set as a permissible error with respect to
F. IT all of the differences are smaller than dF (YES), the
procedure proceeds to step SB14. If any of the differ-
ences 1s equal to or higher than dF (NO), the procedure
returns to step SB3, and F to F___ are again
calculated.

(Step SB14) Values of w, and ¢, are defined as determined
values of the speed and the acceleration 1n the phase 0,
and this procedure 1s completed.
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The 1invention claimed 1s: tion, for each of the positions i1n the turning direction,
1. A tool exchanger apparatus of a machine tool compris- determined by the turret turning motion determining
ing a turret which turns around an axis inclining with respect portion.

2. A tool exchanger apparatus of a machine tool compris-
5 1ng a turret which turns around an axis inclining with respect
to a vertical direction and which conveys tools, wherein
the turret includes a plurality of radially arranged tool
gripping portions, and

to a vertical direction and which conveys tools, wherein
the turret includes a plurality of radially arranged tool
gripping portions, and
the tool exchanger apparatus comprises:

a force calculating portion which includes tool weight the tool exchanger apparatus comprises:
data of the tools attached to the tool gripping portions ., load sensors which detect magnitude of forces applied to
of the turret and tool placement data of the tools in the the tool gripping portions when the turret turns;
tool gripping portions, and which calculates forces a maximum force calculating portion which calculates a
applied to each of the tool gripping portions from a maximum force from among forces applied to the tool

oripping portions detected by the load sensors;
a turret turning motion determining portion which, 1n
15 advance, sets target values of forces applied to the tool
gripping portions, and which individually determines a
turning speed of the turret for each of positions 1n a
turning direction of the turret, and which individually

resultant force of a centrifugal force, gravity and an
inertial force applied to each of the tools, using a
weight and a position of each of the tools and a turning
speed and a turming acceleration of the turret for each
of positions in a turning direction of the turret when the

turret turns, based on the tool weight data and the tool determines a turning acceleration of the turret for each
placement data; 20 of the positions in the turning direction, such that the
a maximum force calculating portion which calculates a maximum force calculated by the maximum force
maximum force from among, forces applied to the tool Calculating portion falls within a predetermined range
gripping portions calculated by the force calculating with respect to the target value for each of the positions

in the turning direction when the turret turns; and
»5  a controller which turns the turret 1n accordance with set
values of the turning speed and the turning accelera-
tion, for each of the positions 1n the turning direction,
determined by the turret turning motion determining
portion.

3. The tool exchanger apparatus 2, wherein the respective
force applied to each respective one of the tool gripping
portions 1s measured by a respective one of the load sensors
for each of the positions 1n a turming direction of the turret.

4. The tool exchanger apparatus 2, each of the load
sensors 15 mounted on a respective radially inner surface of
a respective one of the tool gripping portions.

portion;

a turret turning motion determining portion which, in
advance, sets target values of forces applied to the tool
gripping portions, and which individually determines
the turning speed of the turret for each of the positions
in the turning direction, and which imndividually deter-
mines the turning acceleration of the turret for each of 39
the positions in the turning direction, such that the
maximum Jforce calculated by the maximum force
calculating portion falls within a predetermined range
with respect to the target value for each of the positions
in the turning direction when the turret turns; and 33

a controller which turns the turret in accordance with set
values of the turning speed and the turning accelera- I I
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